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(54) Voltage control of optical receiver bandwidth 

(57) An optical receiver is formed to include a digit- 
ally-controlled preamplifier that is used to adjust the 
bandwidth of the receiver A measured bandwidth of the 
receiver is compared to a desired bandwidth and a dig- 
ital control signal (such as a voltage, current, or any 
other appropriate parameter) supplied to the preampli- 
fier is thereafter adjusted (either increased or 
decreased) to increase/decrease the bandwidth of the 
receiver to the desired value. A voltage regulator and 
potentiometer may be used as the digital controller and 
coupled to the input voltage supply of the preamplifier to 
provide the needed adjustment in voltage. 
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Description 
Technical Field 

[0001] The present inventjdn relates to a digital 
control arrangennent for adjusting the bandwidth of an 
optical receiver and, more particularly, to an arrange- 
ment for nnodifying a parannetric value (e.g., voltage, 
current, capacitance, etc.) applied to a preannplifier so 
as to tune the output bandwidth of the receiver 

Description Of The Prior Art 

[0002] In certain optical communication systems, it 
has become important to control the bandwidth of the 
optical receiver. It is often desirable to maintain a band- 
width only as high as necessary to recover the informa- 
tion contained in the signal, thereby filtering out noise at 
higher frequencies. In particular, many optically ampli- 
fied communication systems, especially wavelength 
division multiplexed (WDM) systems, have extremely 
tight tolerances on the receiver bandwidth in order to 
use the optical receiver to filter out amplified spontane- 
ous emission noise. 

[0003] Conventional optical receivers may exhibit a 
bandwidth that is too large for some WDM applications. 
One solution to this problem is to modify the fabrication 
process for optical receivers (usually GaAs integrated 
circuit devices) so as to produce receivers with the 
required tolerances. This approach is considered too 
costly for many applications. Alternatively, the fabricated 
devices may go through a series of tests to "weed out" 
those receivers (perhaps a majority of devices) with 
unfavorable characteristics (such as, for example, band- 
width too low (that is, the 3dB cutoff frequency is below 
an acceptable value), or bandwidth too large (allowing, 
for example, an excessive amount of noise to be 
received). In this case, the device "yield" drops signifi- 
cantly, resulting in an increased cost for those devices 
that are found to be acceptable. Another prior art solu- 
tion is to apply post-filtering beyond the receiver preann- 
plifier so as to limit the noise from the preamplifier. 
Although this solution can be used successfully, it is 
considered to be extremely time-consuming, since it 
requires each receiver to be tested individually, with 
capacitors of the appropriate value being inserted in the 
circuit to provide the required filtering. The tight toler- 
ance on the bandwidth requirement for optically ampli- 
fied systems also leads to relatively low manufacturing 
yield as process variations move the receiver bandwidth 
beyond the design constraints. 

[0004] A need remains in the art, therefore, for a rel- 
atively simple and straightforward arrangement for 
improving the control of the bandwidth of optical receiv- 
ers. 



Summary Of The Invention 

[0005] The need remaining in the prior art is 
addressed by the present invention, which relates to a 

5 digital conirpi an^angement for adjusting the bandwidth 
of an optical receiver and, more particularly, to an 
an-angement for modifying a parametric value (e.g., volt- 
age, current, capacitance, etc.) applied to a preamplifier 
so as to tune the output bandwidth of the receiver. 

10 [0006] In accordance with one embodiment of the 
present invention, a voltage regulator is used to apply 
the input supply voltage to the preamplifier of an optical 
receiver, where the preamplifier is known to display a 
bandwidth that is a function of the input voltage. The 

15 voltage regulator Is adjustable by means of an included 
potentiometer. In operation, the bandwidth of the 
receiver is first determined. If the bandwidth is too low 
for the particular application, the potentiometer is 
adjusted to vary the resistance sensed by the voltage 

20 regulator, thus increasing (or decreasing, depending 
upon the polarity) the input voltage applied to the 
preamplifier. The change in input voltage results in 
Increasing the bandwidth of the preamplifier, thus mov- 
ing the 3d b cutoff of the receiver "upward" in frequency. 

25 Conversely, if the measured bandwidth of an exemplary 
receiver is too "high" (that is, the 3dB cutoff frequency is 
beyond an upper bound limit, allowing for noise signals 
to pass through the receiver), the potentiometer is 
adjusted such that the voltage applied to the preampli- 

30 fier by the voltage regulator is decreased (or increased, 
depending upon the polarity). The change In input volt- 
age results in decreasing the bandwidth, moving the 
receiver's bandwidth "downward" into the "acceptable" 
range. 

35 [0007] It is a feature of this anangement of the 
present invention that the voltage applied as the pream- 
plifier Input voltage is regulated via the voltage regula- 
tor. In this arrangement, therefore, variations in 
"nominal" supply voltages from device to device will not 

40 affect the performance of the receiver, 

[0008] In a preferred embodiment of the present 
invention, a digital potentiometer is used and controlled 
by a testing system such that the resistance Is either 
incremented or decremented (as the case may be) in 

45 predetermined step sizes until a desired bandwidth is 
obtained. 

[0009] In accordance with the present invention, 
any type of parametric control can be used to digitally 
change the preamplifier bandwidth. For example, a cur- 

50 rent signal, resistance, capacitance, electric and/or 
magnetic field, etc., can all be incremented/decre- 
mented in a predetermined manner to provide for an 
adjustment of the bandwidth of the preamplifier. 
[0010] Other and further features of the present 

55 invention will become apparent during the course of the 
following discussion and by reference to the accompa- 
nying drawings. 
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Brief Description Of The Drawings 
[001 1] Referring now to the drawings: 

FIG. 1 illustrates a block diagram of an exeVnpTa'rS^'^' S 
digitally-controlled optical receiver formed in 
accordance with the present invention; 

FIG. 2 is a simplified circuit diagram of an exenv 
plary arrangement of the present invention utilizing io 
a voltage regulator; 

FIG. 3 is a graph illustrating the movement of an 
optical receiver bandwidth as a function of the 
implementation of the present invention from a is 
bandwidth considered too "low" to a bandwidth in 
the acceptable range; 

FIG. 4 is a graph illustrating the movement of an 
optical receiver bandwidth as a function of the 20 
implementation of the present invention from a 
bandwidth considered too "high" to a bandwidth in 
the acceptable range; and 

FIG. 5 contains an exemplary embodiment of the 25 
voltage control arrangement of the present inven- 
tion including a digital potentiometer. 

Detailed Description 

30 

[0012] An exemplary optical receiver 10 incorporat- 
ing the digitally-controlled bandwidth adjustment 
arrangement of the present invention is illustrated in 
FIG. 1. It is to be understood that a complete optical 
receiver may comprise other components beyond those 35 
shown in the illustration where these other components 
are not considered to be germane to the subject matter 
of the present invention. In general, an optical receiver 
functions to recover an electrical output signal, denoted 
Vqut ^'■om a received optical signal, denoted L|n. Refer- 40 
ring to FIG. 1 , received optical signal is received by 
an optical device (photodetector) 12, such as a pin 
diode, which functions to convert the optical signal into 
an electrical current, defined as iout- Since most photo- 
detectors cannot generate an electrical output of a level 45 
acceptable for subsequent processing in electrical cir- 
cuits, preamplifier 14 is first used to convert the current 
signal iouT ^ voltage signal Vqut of sufficient magni- 
tude to be applied as an input to a receiver module 16 
for further signal processing, such as extracting the 50 
received message signal. 

[0013] As mentioned above, a problem with con- 
ventional optical receivers is that the bandwidth of the 
receiver, as produced, may not match the requirements 
of a particular application. For example, an exemplary 55 
dense wavelength division multiplexed (DWDM) conrv 
munication system nnay require an optical receiver with 
a bandwidth of 1.45GHz. In accordance with the 



present invention, a digital controller 18 is coupled to 
pre-amplifier 14 and used to control a predetermined 
parameter (such as, for example, voltage, cun-ent, 
resistance, capacitance, etc.) so as to modify (either 
increase' or decrease, as desired) the bandwidth of the 
device. A control signal, denoted C in FIG. 1 . is applied 
as an input to digital controller 18 and used to provide 
the ''increase"rdecrease" signal to digital controller 18. 
[0014] FiG. 2 illustrates a specific embodiment of 
the present invention utilizing a voltage regulator and 
adjustable resistor network in conjunction with the 
preamplifier to adjust the "as manufactured** bandwidth 
of an optical receiver so as to provide a receiver with the 
desired bandwidth. Referring to FIG. 2. an exemplary 
voltage regulator 20 is used to generate a voltage, 
denoted V|rg. that is applied as the bias input voltage to 
preamplifier 14. Voltage regulator 20 is coupled 
between the input supply potential, denoted Vgc, and 
ground, with an adjustable resistor network 22 coupled 
between a "set" input and the output of voltage regulator 
20. Adjustable resistor network is shown as comprising 
a first resistor R^ coupled between the "set" and "out- 
put" terminals of voltage regulator 20, a second resistor 
R2 and an adjustable resistance Rpoj. the combination 
of R2 and RpoT connected in series between the "set" 
input of voltage regulator 20 and ground. 
[0015] In operation of the present invention, 
receiver 10 is first evaluated to determine its bandwidth. 
If the value is within acceptable limits, no adjustments 
are required. For the purposes of the present discus- 
sion, it will first be presumed that the initial measured 
bandwidth is too "low", that is, the measured 3dB cutoff 
frequency is below a lower limit acceptable for the par- 
ticular receiver application. In the exemplary arrange- 
ment shown in FIG. 2, the value of Rpoj *s decreased, 
which in turn increases the voltage, denoted V^^, gener- 
ated by voltage regulator 20. Preamplifier 14, which 
exhibits a bandwidth that is a function of applied input 
voltage, will therefore have an "increase" in its band- 
width as the applied voltage Vi^ increases. The band- 
width of receiver 10 can then be monitored, with the 
value of RpoT continuously adjusted (in this case, 
decreased) until the bandwidth reaches an acceptable 
size. The value of RpoT *s then "fixed" at the value asso- 
ciated with the adjusted bandwidth. FIG. 3 contains a 
graph illustrating bandwidth adjustment in accordance 
with the present invention from a "low" bandwidth 
regime to an acceptable bandwidth, the adjustment 
resulting from a decrease in the value of Rpoi ^nd 
applied as an input to preamplifier 14. Similariy, for the 
case where the initially measured bandwidth is too 
"high" for the particular receiver application, the value of 
RpoT may be increased, thus decreasing the value of 
input voltage V|fsj applied to preamplifier 14 until the 
bandwidth of receiver 10 has decreased to an accepta- 
ble value. FIG. 4 contains a graph illustrating the move- 
ment of an exemplary receiver's bandwidth from a 
"high" bandwidth to an acceptable bandwidth range. 
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resulting from an upward adjustment in the value of 
RpoT until an acceptable value is obtained. 
[0016] As mentioned above, an advantage of the 
arrangement of the present invention Is that the voltage 
applied as an input to preamplifier 14 is a known, fixed 5 
value, controlled by voltage regulator 20. In conven- 
tional optical receiver arrangements, a preamplifier 
such as preamplifier 14 may use a supply line (such as 
Vcc) 3S the input voltage, where this voltage may vary 
from circuit to circuit (as well as over time). This varia- io 
Won In applied voltage thus results in an undesired vari- 
ation In bandwidth in the prior art receiver 
arrangements. Therefore, the use of a voltage regulator 
to regulate the preamplifier supply voltage in accord- 
ance with the present invention ensures a consistent is 
value of input voltage, regardless of any fluctuations in 
voltage appearing along the supply rails. 
[0017] A preferred embodiment of the present 
invention, utilizing a digital potentiometer 30 and a pos- 
itive power supply, is illustrated in FIG. 5. Digital poten- 20 
tiometer 30 is used to provide the adjustment (either 
increase or decrease) to RpoT so as to adjust the size of 
the bandwidth of receiver 10 by controlling the voltage 2. 
produced by voltage regulator 20. Referring to FIG. 5, 
digital potentiometer 30 includes a pair of Inputs that are 25 
used to control the value of Rrot- A first DC input 32 is 
used to control the direction of the adjustment. For 
example, a positive value (such as 5V dc) applied to 
input 32 may be used to indicate that the value of Rpoj 
needs to be adjusted "upward". A negative value (or, so 
alternatively, "ground" orOV dc) applied to input 32 may 
then be used to indicate that the value of Rpoj needs to 
be adjusted "downward". Obviously, an alternative 
embodiment may use the complement of these values. 
Referring to FIG. 4, therefore, input 32 is denoted as the 35 3. 
"UP/DOWN" input. Once the direction of the adjustment 
is ascertained, a series of pulses may then be applied to 
a second input 34, where each pulse will provide a pre- 
determined level of increment (or decrement, as the 
case may be). For example, each pulse may result in 40 
adjusting the value of Rpoj such that the receiver band- 
width is moved by 30MHz. A series of pulses thus 4. 
results in changing (either increasing or decreasing) the 
receiver bandwidth in a series of 30MHz steps, until an 
appropriate bandwidth Is reached. It is to be understood 45 
that 30MHz Is only an exemplary value, related to the 
value of RpoT ^nd various other step sizes may be used 
In providing bandwidth adjustment In accordance with 
the present invention. 5, 

50 

Claims 

1. An optical receiver arrangement comprising 

an optoelectronic device for receiving an opti- 55 
cal input signal and converting said optical 6. 
Input signal Into an electrical representation; 



a preamplifier coupled to the output of said 
optoelectronic device for amplifying the con- 
verted electrical representation into an output 
voltage signal, said preamplifier coupled to one 
..or more voltage supplies and ground, said 
preamplifier exhibiting a bandwidth that is a 
function of the value of said voltage supply; 

a digital controller coupled to the preamplifier ^ 
and responsive to an externally supplied con- 
trol signal, said digital controller for providing a 
digital bandwidth adjustment signal to said 
preamplifier, said digital bandwidth adjustment 
signal having a first value associated with 
increasing the preamplifier bandwidth and a 
second value associated with decreasing the 
preamplifier bandwidth; and 

an optical receiver for recovering a message 
signal from the output voltage generated by 
said preamplifier. 

An optical receiver arrangement as defined in claim 
1 wherein the digitia controller comprises 

a voltage regulator for supplying the voltage 
supply to said preamplifier; and 

an adjustable resistor arrangement coupled to 
said voltage regulator for modifying said volt- 
age supply generated by said voltage regulator 
so as to adjust the bandwidth of said preampli- 
fier. 

An optical receiver as defined in claim 2 wherein 
the adjustable resistor arrangement comprises a 
first known resistor and a potentiometer coupled so 
that the ratio of said first known resistor to said 
potentiometer is adjusted to adjust the supply volt- 
age generated by said voltage regulator. 

An optical receiver as defined in claim 3 wherein a 
positive voltage supply is provided and an increase 
in the value of the potentiometer results in increas- 
ing the supply voltage applied to the preamplifier, 
thus Increasing the bandwidth exhibited by said 
preamplifier. 

An optical receiver as defined in claim 3 wherein a 
positive voltage supply is provided and a decrease ^ 
in the value of the potentiometer results in decreas- 
ing the supply voltage applied to the preamplifier, 
thus decreasing the bandwidth exhibited by said 
preamplifier. 

An optical receiver as defined in claim 3 wherein a 
negative voltage supply is provided and a decrease 
in the value of the potentiometer results in decreas- 
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ing the supply voltage applied to the preamplifier, 
thus increasing the bandwidth exhibited by said 
preamplifier. ; ^ * 

7. An optical receiver as defined in claim 3 wherein a 5 
negative voltage supply is provided and an increase 

in the value of the potentiometer results in increas- 
ing the supply voltage applied to the preamplifier, 
thus decreasing the bandwidth exhibited by said 
preamplifier. io 

8. An optical receiver as defined in claim 3 wherein 
the potentiometer comprises a digital potentiome- 
ter, 

9. An optical receiver as defined in claim 8 wherein 
the digital potentiometer comprises a pair of inputs, 
a first input of said pair of inputs used to indicate the 
increment/decrement status of the potentiometer 
adjustment and a second, remaining input of said 
pair of inputs to used to provide a series of adjust- 
ments to the potentiometer value so as to result in a 
series of frequency adjustments of a predetermined 
interval to the bandwidth of the preamplifier. 

10. An optical receiver as defined in claim 8 wherein 
the first input to said digital potentiometer com- 
prises a DC signal used to indicate the incre- 
ment/decrement status. 

11. An optical receiver as defined in claim 10 wherein a 
positive DC signal is used to indicate the need to 
increment the value of the potentiometer and a 
ground signal is used to indicated the need to dec- 
rement the value of said potentiometer. 

12. An optical receiver as defined in claim 9 wherein 
the second input to said digital potentiometer com- 
prises a series of pulses, each pulse providing an 
adjustment to the value of the potentiometer of a 
predetermined value, resulting in an adjustment of 
the preamplifier bandwidth of a predetermined 
value. 

13. An optical receiver as defined in claim 12 wherein 
each pulse provides an adjustment of approxi- 
mately 30MH2 to the preamplifier bandwidth. 

14. A method of adjusting the bandwidth of an optical 
receiver to achieve a predetermined bandwidth, the 
optical receiver including a preamplifier with a 
bandwidth that is a function of a supply voltage 
applied thereto, the method comprising the steps 
of: 

a) measuring an initial bandwidth of the optical 
receiver; 



b) comparing the measured value to the prede- 
termined value; and 

c) modifying the preamplifier supply voltage in 
^ - a first direction when the measured bandwidth 

is less than the predetermined value and in a 
second, opposite direction when the measured 
bandwidth is greater than the predetermined 
value. 

15. The method according to claim 14 wherein in per- 
forming step c) an adjustable resistance is coupled 
as an input to a voltage regulator and the resistance 
value is adjusted to increase and decrease the sup- 
ply voltage applied to the preamplifier. 

16. The method according to claim 15 wherein in per- 
forming step c) a digital potentiometer is used as 
the adjustable resistance. 

17. The method according to claim 16 wherein the dig- 
ital potentiometer is responsive to a first, DC signal 
indicative of whether to adjust in the first or second 
direction and also responsive to a second, pulsed 
signal for adjusting the resistance value in predeter- 
mined step sizes until the measured bandwidth Is 
essentially equal to the desired bandwidth. 
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(54) Voltage control of optical receiver bandwidth 



(57) An optical receiver is formed to include a digit- 
ally-controlled preamplifier that is used to adjust the 
bandwidth of the receiver. A measured bandwidth of the 
receiver is compared to a desired bandwidth and a dig- 
ital control signal (such as a voltage, current, or any oth- 
er appropriate parameter) supplied to the preamplifier 



is thereafter adjusted (either increased or decreased) to 
increase/decrease the bandwidth of the receiver to the 
desired value. A voltage regulator and potentiometer 
may be used as the digital controller and coupled to the 
input voltage supply of the preamplifier to provide the 
needed adjustment in voltage. 
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